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(57) Abstract: 

PURPOSE: To improve consistency of a circuit and to 
stably perform operations by using the current controlled 
delay circuit of the same constitution by a ring oscillator 
provided in a PLL loop and a compensation circuit for 
controlling the operating range. 

CONSTITUTION: Error signals formed in a phase 
comparator 11 are smoothed by an LPF 12 and 
converted into a control voltage VB. The voltage VB is 
converted into current signals by a voltage/current 
conversion circuit 21 for constituting a VCO 13 and 
controls the oscillation frequency of a ring oscillator 
current controlled oscillator 22. The output signals of the 
ring oscillator 22 are frequency divided by a frequency 
divider circuit 14 and supplied to an internal circuit as 
synchronization clocks CLK. The compensation circuit 15 
is provided to easily perform debugging at the time of 
development by the clocks of an extremely low frequency 
compared to the time of a normal operation. By turning 
the ring oscillator 22 to the constitution similar to the 
current controlled delay circuit in the compensation circuit 
15, the influence of process dispersion is reduced and it 
is used for the circuit of a simple structure such as a 
CMOS circuit or the like. 
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1 

ffiJt«»Ottl/JfS b-C«BEft S d 

ib n ? ^ 7 -< )v* \z. x <o Mf& £ titcmizm^zmmm 

mmi^XVUffltSix, ±IE««ttfBiJ«i3BJffiISIJ»fciaiCfllj« 

[if #JS 2 ] ±E««fMI*P3SJSIIIi&&U { !iy^->u 

$ tvtcWi l©Pf+ y^/wSMO S F E TXO 5 ! 1 <D 
Nfty^SMOSFETt, ^s^iropf-yy 

^yVlMO S F E T h % 1 CDN^-Y ^vl/lMO S F E 

^;VlMO SFETtf2©Nf-t y^;VlMO S F E 
T a» b ft 3 CMO S y^-^ @Kt?Jb -5 w i £9vK& £ 

[ft *if 3 ] ±tmffimWSM\E}&RTf V is \y 

t^Kfcf liliWf lWMOSFETt, 
1 ©MO S FET*-t©*Igi^tlfcy- ^(r^ttCj 
ttT*5_^l^«SroB2 i:^3CiiMOSFET 
±fE3!2 iS3©itMOSFET« KwfVfciS; 

m^tomi if 2©MOSFET^f>*51iy- MhJ 

m7£<D{±i®m*w^x b icmmztiz t cor-fes c t * 

1 v>m&9rtM »t S«SE*Jflf fBJff ISll6ro3B3ffifS 




(2) «PM¥8- 1 3 9 5 9 7 

2 

ft* 4r W-m b T «J Wmffi &mi$rt 5> n * , < ^ 7 ^ ^ 9 

t . ±.mm$i%cm ^z&rtzm 1 <nmmn'&mm'&<D 
m 2 oiMt b ±.nmmkm^ b *m\<^xmmkm?r 
imfcisfrtzmMm^zj&f&-tz>ffiigi\Bi&b. ±ibd^ 

;<*7 4si'?fcX?)te&£ti1zMWnE.&&&£tiXti: 

io zmmm^- b ±.mm^m^commm^^Ltz^mm 
Mfflzth, ±nmi<D*m»ift&ME\i&b\5icmi&\zz 

2 e>wimm&&E\t6b ±mm2commmm\Bi 
&<omtim^\c&^x ±&*m{^m®&<Dft&x->& 

S 1 «SM{f ^ & SrJ&j* L T * 5 c i: 'S:«N» i S ^ 

20 SFETiNft^lMOSFETi:Wi5CM 

*S1, »**2, tt**3, tt#3S4, »*95XI4 

tt*ii 6 co ^ n -> ^ ^^[Hlg&„ 

[0 00 1] 

ML, ±fcCMOS*aiHlKftlHcrtJK$tt, ^3B*»?> 
Hfc «-§-i::|B]8! LfcJn^ fi#Sr^ 

30 [0 0 0 2] 

W^^ttfc^^ 5 >y{f-§-coJl«^*f^LTPLL(Hl 
K«t5VCO (®J3EfiJ»M^«§§) (0«fS»8[ft 
®Sffl SrSEfls ^ * 5 <fc 5 »t 5 C t d J: 

^ m^mm^mw- 2-230821 t^itjo^ti 

[0 0 0 3] 

40 g^-*;^^r{i, v c o t Ltx ; -7 ^SS^lrov;^-? 
fet mm?— hwm%-%)3khy b<om.& 

^fS-S-^iO-fey h • y -fey hStbSa^ISIKSriWfflL 

i}?-7Sh7y^?i:MOSFETi:S:l5-¥»M 
S± i-^-T sriMSiftD, KitT' n -fe ^ 

(c^cor l*5o mm^mbvco^tti^th^ 
m^-^±<D-y a -t ^ ^ 7 ^ =¥ co^^^fla* it t 
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3 

[0 0 0 4] ~<D?£W<D&#)fo, 1ft*#*/#T% L^t 
[0 0 0 5] 

ffiS&cop^Ti&^i SixS^ n y *«-g-Sr»j«-rSo 
[0 0 0 6] 

EI8S i tfs 13 C«/&co®?ffi*J#P5S® mig v ^ 5 fc «> 
:*:*§ f-SM * ixr CMOS [elE&^co J: 5 ftffi*ft«3g£> 
[0 0 0 7] 

<o— ^js^iico^ni ^^0^^^tv^ o rasit^^niK 

[0 0 0 8] ^ V^S-^-C I N (fin) te, 

*®»f2ict9^*ixfc|l]MB^oy^ft-g-CLK (f v 
/N) aHfciKSixfco tetBJfctfcSl lt«^f;Ii 
ftfERRtt, n L PFi-£ 

TSJW«JEVBfC^lfeSixSo ^©SWiJIVB^ V 
COl 3&«J*^S«E-BSE^1SMII&2 1 {-.t 9«8f£ 

(Dta^ff-^-CVK (fv) te N $WB[H]g&l 4 (21 J: 9 1/ 
N^ffl*n-C. lEWoy^CLK (f v/N) 




(3) ffl¥8-l 3 9 5 9 7 

{SffiJttftSl 1 I-A^£;HSf^co^j£im^ Six 
6 0 ±tacoJ: Sfcfll/Sl-J: 9 P L L0»as«/S£*x£ o 
[0 0 0 9] r^^^ilTr^ CMOSlHljgfa^M 
*3xfc^*fr^aiHlK{c*«Six5^ n ^3§£lal»i: 
LTffll/^ixSfeOTfcStD^ JifEVCOl 3fclteC 

i-it^Tffi^TJgv^&i&co^ a y^{rj:oT§B«B#^) 

«EKl 5^i»ttbix5 0 
[0 0 10] ro««lElKl-5(OS*W*»^-tOfc(0 
te, *H«M#*dS3feKfl»H!¥2 - 2 3 0 8 2 1 

I N^iSjfi»S:«l*PLT. VCO 1 3<0»flMEia«:^M 

2 2cO:7 P ni?;*^7^^cot(0£ 

S-WSE^lfelllKt^SU^X^Srfi 1 ^ it^SJ: Six 

So 

[0011] *JB»Wfc*3V^tt, ^»fls*ttli]!6{-^ 

J*$ix6*^#i4^air^^7^^*:# < k * 

i/i— ^2 2 hffim\E}&i 5 tzmtrntftommiBiKi: 

30 $m-t%> h<DX$b& 0 

[0 0 12] ID 2 \a*. m 1 CO VCO 1 3 &Mj&ir& V 
l/tfJri/u—Z 2 2 co— HJfeftl^lHlKia^^sjxTv^ 
So r^ft«^)VCOIl CMOS 0&co£ 5&f!* 
OKI 5^fcNtS«^»JW3SSlH]Kira«tt«fig^$ix 

So 

40 [0013] ^tBJSjffiSoSJUPSrfi 1 5 SiWWSIt I v l±, 
N^-Y y^vfMOS F ETQ 7 t Q 8 #£>flt«t 5: 
7-HJ^^b?SS**m*lE]^2 2 1 M#l$g£ix, -co 
MOS F ETQ 7fl@®y- MUK 2 2 2**rictSN 
ft^SMOSFETQ 1 o^irm^^: 7— mwjc 
SixSo ±ffiMOSFETQ8oKW>iai 
— FMMOPf* y-tv^MOS F ETQ 9d5gSBg$ 
tu, ^5MOS FETQ9 kmMtf— MeIK2 2 2 £r 
Mt5 Pf t y*;vSMO S F E T Q 1 l^k&WtillL 

50 MOS F ETQ 1 0^^ P^y^vfMOSFETQ 
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(4) 



W8- 13 9 5 9 7 



[0 0 14] II^ 1 - hln]^2 2 2te, Rmt Utffll* 

#nz^£tix\,^z># i<D\B\m<D£o\^ ±m-^&m$tm 

k Utlff 1 5 Nf ^ y^/vlMO S F E T Q 10i:P 
f-^r^SMOS FETQ 1 1 irORBi^ CMOS-Y 
y^-^@841lj*t5Nf ^ y^/vSMO S FETQ 
1 2 k Pf^>^SMOSFETQ 1 3ti*WM&mz. 

FETQ 1 OMPft^/vSMOS FETQ1 If- 
t p v = 1/ (a 0 • I v) 

±lB<Z>3IJfi0!l"m, # l-# 9 <D£ 5* 9 So U 
— ^iUT^Sfc*^ «ti^iR3S: f v l / (1 
£ v = (a 0 • Iv) /18 

[0016] em-wu ±tsy y^u- ?<DnM- 

V— MhIK2 2 2<z>3IiP#ra t p v iroBlfiU*, ±f£co 
r *>*i6J3iffiS f v tt»j^«jsE i v fcmittw ltsjw 

Si vc tt*ttjc^Lfc*JW«a£-e*)5c 
[0017] m 4 fete. H l £>*t «E]& l 5 HlfK^J 

l/24>J5iaf6l 5 1 J^J; >9^*ixT^/^i|So 
7*3.— ^ 5 0%i-^Hfc^^V^ a ^^^ixtfe^ 
5i*ixSc ^OO^W* a mSSJ«5gH]K 1 5 2 iC 
<£ 9 3S££;tx£ 0 CO®SSiJW@®[h]^ 1 5 2 J; «9 31 



m*titzs<>v* b **±BEA;*j»^v;* a k k f^Mr: 
1 5 3f-A^^^5 e ^(0«rS[H]Kl 5 3tt. -^>-K^ 
— MUB&G1, G2X^y/^*lHl»Nl, N2S-J; 
9«ric$^ ±!E®J£[Hlg& 1 5 2f^iSai£B#ref-*HS 
Ufc^dh ±ts^-r ^ v^fa-^-C I Nco uasH^ 

[0 0 18] 9. IftaiUKl 5 3fcu 94 % >Jft& 

tciNioi jasara^*5i/^T±iB3ii£iHi» 152 <d@2E 

5 4©Pf^^lMOSFETQ 1 ^^^ttffii-b 

T^-r^v-^ (Ci) l 5 5«r^«StiKi pCi^^ 

ft-^y/(HS 15 4 CON^-V y^yViMO S F E 
TQ2Sr^->««8f-UT=¥-r^^ (CI) 15 5^£ 
««E)R I di-i — v?£-££ 0 ^^y-^ff 

§CIN!t 5^jaifilKl 5 ll-JcD l/2t-^$^T 

v^fl, 94 % Zstfit^C I NO2«fflfcl0O#J9-g* 
v^trfcjxSo ±fS^J: ot£7-* — i?T*y?k 

*/f>m'T'?Z>b. &<D\mWtt*'*v'9 



* J: 9ft^$tlSo HBMOSFETQl 2tQl 3^ 
-Mi, #iiSiK$;h/C*Jifr& (#9) co31®y-h(El 
K2 2 2COffi^f#^ s *a^JxSo ±ISMOSFETQ 
1 2 i: Q 1 3 <75 K u4 >^^mi^m^tiX, 
# 2 (DHHSfcCMO S-T V^-^SK^A^ffi^fdgic 

[0015] ilEfH^SiSfc I v £«5£^— h [USS 2 2 2 

;o (i) xm-t^kftx%%> 0 ~^x\ aOtettfc 
* 5o 

(I) 

^8 • t p v) t&9. ±IES; (1) fr£ VTtkOiZ (2) 
^ Mlt, 3§tl^&i&:f v^SJW««Ei vi-it^^o 
(2) 

1 5 5tem<DMffi<D$m&i%ft^%zk kte& 0 

[0 0 19] iffi^J; 5*^^^">^ 1 5 soomffiff-^- 
f fl, l&foRl k**s*i/9C2ti*bft&X3&s<X7 4 
>v9 1 5 6^J: V^mZfr&o ^<Dv$s<*7-(;u9 I 
20 5 6 co0i^mi± g aBE-SaEaE*lHlj» 15 7 

ztixnmt^ i Mi-^^tt^o 9, ±mmi£m 

^rg\±s Nf t V ^v^SMO S F E T Q 3 £7)^- hky 

IE*$ix5 0 i^tffii^- 1 Mte, pftv^iMO 
SFETQ4 iQ5 RlfQ 6 ^ ^ £ mS ^ 5 — (HiKt- 
± 9 , — ^HMO SFETQ5^i LTiifB^EE^ 1 
5 2rt]»liSl x t LT\ ffi^MOSFETQ6* 

iiLTMtsvco i 3co«{t®si c t b-raa^^^t 
jo [0020] ±mmmmm i x mmm 2wu^t 

•^U— ^ ^i^Nft^SMOS F ETQ 7 ' i 

qs' ^bttsmat'^ 7— iEi»^?>fts»ji»«ifLiHiK2 

2 1l:i^W 0 r<^MOSFETQ7' ttSJf^*— 
h[E]S&2 2 2 Nft y^/VlMO S F E T Q 
10' ?F^i-^tt^ 0 JiSSMOSFET 
Q8' <D KKyiM^Vt" WtoPft^S 
MOSFETQ9' 3&st9;*t ?>tt5 0 ^MOSFETQ 
9' ^Hy- MnlK2 2 2 «t5 Pf -vy^l/i 

mosfetqii' ^knmm^^—mn^zth&v 

40 ^frifcXV, ifBNf^y^vSMOSFETQlO' 
^^Pft^fMOSFETQl 1* SJWS 

m i x\z.m^itnffi&ffiir-^&m$mk ^xmi^^^h 

[0 0 2 1 ] mm^f- M1IK2 2 211 ft8£L-C0!l^ 
^j^^^tbT^^# iconic J: ±EBl^««EiE 
£ Ltl^t^Nft^lMOS FETQ 1 0' £ 
Pft^SMOSFETQll' tc^PflfC, CMO 

S 4 y^-^lllBS:ff^t5Nft y*/vSMO SFE 

TQ12' £ Pf-YV^vlMOS F ETQ 1 3 ' k& 

50 mmn^mmztix, cmos^^-^idm^ 
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mm^±m^mmmt itoNft^uiMosF 

ETQ 1 0' WPft^iMOSFETQ 1 1 ' 
{^J;f9ft£^^ 0 HBMOSFETQl 2' tQl 
3' <D#—hYZ. *iiSa*$^"C±|B^ffliaKl 5 1 Cl 
J: ^^K^A^^w* a ^#t^^^x^ o _hf£MOS 
FETQ12' tQl3' <D Kwf >^*i§te:B8gg£ix 

[0 0 2 2] _bSE31J£^- MIIK (#1) ±15?) J: 
5 ^Pf^V^iMO SFETi y*;l/SMO 
S F ET^y- h^fiS^SB^fi^^^^^SttA^ 

mmm&mt \^xm\¥-tz>t tt£Z> Q z<Dmmmxi^ 
tix, ±mmms</is*b %mj$'r&h(DXfcz> 0 

[0 0 2 3] ±K*-f S V^lB'-^C I N(Dmm ( 1 / f 
i n) 4:«i2lHlKfc:J:*3li£B#ra t 1 t<DJtW-£t 
#6 <t 5 f^±IEilJgy— h 0^ 2 2 2 OaSiPtlffl t p x 

(OfflJIll, f i n^JSCfc««««EI c£r 

mm\x mmki i nasw<£;h,fcfc#irwjH}B (1/ 

fin) as4S<#9, 31iEy— M11K 2 2 2 (031®B#ra 
t p x t>/hS<*SJ:p^»J»«aEi x £ I c 

$<-tz> 0 m\c ««*f i n*s®< 

« (1/f in) dSfi<4^ MH&2 2 2£> 

iffiffiNpra t p x fcA# < fc5 J: 5 Id»JW*«E Ixtlc 
S:*l3:/h*<-r5o coi 5 f^*«HH» 1 5 tt, 

[0 0 2 4] ±WS«fS®Sft I c tt, JfcfcttM-r S J: 5 f- 
lE-lttM2 1 ^UMftl^VCOt LT 

ftMBi-s y — * 2 2 o^^js* fvc^ft 

^jtc^KS-m^^Kif^^tT 5 ajgy — k \e\& t , y 

dS|^c«^SixT^Sri:^?>, SJ^m^fLl xtiv 

fo&&— : gc\stzM&kteZ> 0 VCOKfe 

tttitmK 1 5 ^*3JtS*«««E Ict^5 
-9-C I N(^)Mf f i ni^ffiBSill a«5£*asSfc 

t?^S 0 rcoi 5f-, *«HI»Sl VC0 13<Dib 




(5) #i¥8- 1 3 9 5 9 7 

[0 0 2 5] PLLE&i;i±5^n5/^«£E5&-m, 
A^£^£^ ^ a^f-g-C I NOjgjfeftf iniVC 
Ol 3co«fiffi*CVK(75raiR»f v i:OllS«^ PL 

^Jif^Ni:t5^f in=f v/N) tftSo 1 
IEJBift»f i ntBitft^f vOJti«iJ3e»[i:±|Bbfc* 
fltElKl 5{C£5/aiR|Scf i n^VCOl 3 ^S&ffit^ 

70 Afvif vc tt-Srf-£ 0 1~fc;b*>, ¥SM*3I8![e]I* 
^SWbA*^^^^ 5 v^fS^-C I N^JliS 

fcofctutvcoi3i:fcotft 

[0 0 2 6] I2 5^fi, Hil (DVCO 1 3 tb5« 

ffi-««K^#iiHij«2 i (D~mMm<om^mt^^tix^ 
mmwzvBkmmmfrvRki^ n^^^/v^oh 

SMOSFETQl 9^Q1 8 0^— h i-^tt^tt^ 
20 £^£ 0 ItEiSMOSFETQ 1 8 1 9 (D&mit 

£titzy-x\a±, mm i 2 Sr^-rsN^^^^S! 

MOS FETQ 1 6^1Sttbtt5 0 CCOMOSFETQ 

1 6Mu ±IB*t«ISI8Sl 5tM^WctfliSl c # 
A* * ixfc^-f KJKffiON^-Y y^yuSMO SFE 

tq 1 5 tmM$ 7—mn^$frhz> 0 -^tt^ mm^y 

—J&MteZtitzMOS F ETQ 1 5 tQl 6©t^XJt: 

cfotmiai c 1 1 2^^*^Sc 0^9, 1 

2 = a 2 • I c (DX 5K:£tL£ 0 

[0 0 2 7] JifE^ibMO SFETQl 8tQl 9oK 

OSFETQ2 0, Q2 1 ^itbtt^o — ^co^SjM 
OSFETQ1 8<75KW >-«#t^_hfE««t^ 
i-^WcMOSFETQ2 0tQ21 ^VXmcmU 
#ffi*©S»MOSFETQl 9^> KU>T>-fiiJ{-«tt^S 

Rkt^^^k^lcn, ^fibMO SFETQl 8iQl 
9©KWy|:ft I 2/2^bv^^ffiixTm^ 
/ — K^«JSlEtt*fC3S5o SJWfflJEVBdSii!< ZinXM 
OSFETQl 9 ffitir^XKWiX. MO SFETQl 8^ 
40 ^y^m^ hMO S F E T Q 1 9 fcf±«Stt I 2 ffiffifr. . 
^(DttiJjs- K^fi- I 2o±5*Ku^*««£«rJKj* 
SJUltlE V B ^fi< $ ixt MO S F E T Q 1 8 3dS 
jrisftMX, MOSFETQl9#t7KM^MOS 
FETQl 8{c^«8tti 2^ittix^ ±fBfl;^S5: 
^ilLTtB^I/- K^tl+ I 2<D£ 0 ttjf Lliibll^ 

[0 0 2 8] ±fB*ffim^I c SrSttSMO S F E TQ 
1 5 ClJls y—MWAz.^ntcN^'Y y^;l/fMO 

S FETQ 1 7ffiWtbfrZ>o ^(OMOS FETQ 1 7 
50 oKWylcil ^t-K«^ixf:Pft^;v 
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(6) 



#^¥8- 1 3 9 5 9 7 
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®MOSFETQ2 2^S^?>ix5o ^COMOSFET 
Q2 2fcte. _hf£MOS FETQ 1 7f-«t frtz 
BSE I l ±SB^8blHlK^m^ll8tti:^-^fi8;«aE^jsE 

OSFETQ22 irfliift^ 7^II^Kf:Pft^ 
;vSMOSFETQ2 3 ^ b ±IBS5SlE I 1 ± I 2 MaWS 

tbfcMOS FETQl 5 £Q 1 7 Xiti^oTW 
Icill ^/££it£o 5 , I 1 = a 1 • 
I c CO J: 0lc£fri& o 

[0 0 2 9] B16fCtt, _hfH«J3E — m«l£SElfelH] K «0»fP 
^P^i-^fdi6^^IIi^^^nTV^o (A) 
VB- I v»TSixtl^ 0 (A) O^ttf-*^ 

^nsu ^e^^omsE^m^i it^s* (^) £*x 

(B) Ktt, I c - I vW«=j&s*i*;h/C^5o 4f{R[i]» 

« 1 1 «f ^9jw®«e i v c s-sa^-rs t^t 6 *? 9 > 
®m 1 2hpll cosfj^mff v b fc*j-js b*i»f^«sia^) 

JIAffi I v m a x iS/J^iS I v m i n *S£t6 0 

[0030] gm-fi, m2(ommm^(oW)^mm^r 

&tzib(D$H&m&^£tiX\,^Z> 0 94 5 V^ff-^-C I N* 
t p x = 1 / (a 0 • Ix) 



70 



*Wu ^JSEIlKl 5 1 tnj; 9 l/2S-^£-tfbtL-0^ 
^M/^A^ff^C I N60 1 J^ffl^^tiS b/c^/i^rt^-T^ 
— 7^ ^rJ^o^w* a &i&tiiL&inz> 0 a te, 

««ESJWaSiSlHlBS 1 5 2 kiA^ £HT, b tf* 

5 3K±9iijP#in t l^Ltn^i/^MU^ 
^Vw* d t. JblEA:*Kf #C I N£D 1 JSJWa^ilEii® 

t 1 sr5k^cB#m 1 2(3i*nsbT^>r w^wcisix 

e /^jsfc^^o 
[0 0 3 1 ] ±f^^P^ dOn 9 W^Wrj: 9, ^-y — 
vM^^InlSgl 5 4(DPft>'^vlMOS FETQl 
^^-^ffii-TtoT^-^^^V^ 1 5 5£r^ — *JTy-f 

KcoN^-Y V^vi^MO S F E TQ 2 ^^jRffitdfco 

fc«>, **^>* 1 5 5{-te, ifE^-^lM^^V 

^am-^bfcWEfs^f ^rit^ixSo r. 
(ommt^ i u <<>v9 1 5 6 \z£ y^mz 

[0032] m&v- MUK 2 2 2 ti. y v^v- 
* 2 2T^^T^£@5£y- £ 13 ZiSfmtfLk b 

Tv^sfc*^. sy^m^s i x tmm^- me]k^®®b# 
Wt pxfc(oH«tt«rias; (i) iiat!E»a0*«v> 

T5£ (3) ^J:5l-^-rr t^"C#5 0 



(3) 



« (4) co±5«-*i-ci:^^#4c 



l-# 7^i 5>f-7ST-*^;$ixT^5^^> 

t 1 = 7 t p x (4) 

[0033] z<D*$m t i i^^-c. a^sipfci^^ 1 50*m*3vvc, mat i dic^^^v^^^—^^tT^tiTm 

tfS£A£ix£o ^<^fc^, =Sr^^l 5 5(OtEf^ £ 0 ±fS®#Q piQdH (5) , (6) JC£9 

±#-r 5o br. ffit2 [ (i/f in) - tu * n t as-e^ So 

Q p = t 1 • I p (5) 

Qd=t2 - Id= ( (1/f in) - tl] -Id (6) 

[0 0 3 4] n^^7^;^15 6H ±IEcd®H f ^£<-T£ 0 iS5f-, r comm I x Vvji^Mte. 3; 

Sr^F^kbTMfliWEgSr^i-So rctEgtt, N (3) J; 9i«gB*ra t p x a*** < ft 9 . S; (4) In J; 

ft^lMOS F E TQ 3 (Df— M-RJ Jn £ , <9^y ^^ — v?NfBB t 1 tl<^5 0 t5i, S (5) 

MlIIMi:»^^ «SfE5 5-lHiaSrabT±ia {^J:I9. l«Qp^<<, S; (6) ta^lfQd 

mss i Mfcjt^y b/cffl^m* i x^^^tt-c, ±iaa 40 ^/h$<ftsfc*t^ ^-y^v^ 1 5 s.comiEf 

M^-hiE]^2 2 2fnaj£B#ret p xds»jwstbs 0 b, ^<Dwmik£fifcfflmmj£ghM±L>x±mmmi 

[0035] -commi x&xz^is&wz. * (3) M*A#<-r6 0 

J: 9@®0#PpT t p x^/h£ < ft 9. ^(4)l-ct9^y [0036] -fft^, ±lEEBStt, ^ J J§^-^^r« 

^-v-^r^t lfcM<<ft£ 0 S (5) {ci ■ jSLT*5 9, I^i^-^¥ftt^^fl ^y^-^ 

9, !SfQp#/J^<, A (6) tJ:9tfQd^f -v?ttf Q p if>f t-v^Sf Q d t^-ftt5 t 

<ft3/c#>(^ ^rt^>^l 5 50lHf^fiTU -t ^-e*>9x * (5) i: (6) l^^T. Qp = Qdtt 
<^¥»<k:*tLfc»j»*iEgfc{g:TbTJiia«aiM*/h* S (7) as/SsrrSo 

1/f in = 7«tpx [1+ (I p/1 d) ) (7) 

5 v^f^-C I N<D«»3l/f i n^rt/m ft-e&sr i:S:S*U ^ (7) asj«Srr5±5**JflP 

MU»2 2 2 cofgjffi^Fra t p xt<Ott:^— 50 mSftl x^ J )§51/V— ^T'«4t5r ^f-ft^ 0 bfc^o 



-6- 



(7) 

11 12 

x. ±mmmmmi s (7) o) *Jt#i-r5 0 
(8) coi 5: v^ft#c i N^jiiRSf ini* 

I x= (7/a 0) • (1+ (Ip/Id) ) - fin • • • 

mm. i c&M&'PzzhKXQ, mm i ct i xcom^ n^wit^^tCTj^ 

Sr, I c = a 3 • I x k-rzk, ^ (9) dSfigSEL ^ 

Ic=(7-a3/a0) • [1+ (ip/ld) ) -fin * 

[0038] H8tii ±mmm\E}^ttti^m^^tzp 
ri, ffifiiHi&s 1 5 oratt=H-e*> v , m&mm ic^>f w 

Z >^m^C I N(Dm^m f ini r b 

£*xT^3 0 (B) te, P L L(D¥fVkmXfoZ> Q 

fvc = (7/18) • a 1 • a 3 • 



8-139597 



• (8) 

^«#C I N(0«jS»f i 



(9) 



[0 0 3 9] PLL/w-m 5l#5i^«T?(OA*S 

ax5*^ 5: v^f-^c i N^JSiKS: f i nivcoi 3 

o5>JSJfctf s N^fc5fca&l;i. f v=N- f int45, it 
N= (7/18) * a 1 • a 3 * 
[0 0 4 0] 5t (1 1 ) dfc^T, a 1 , a 3 20 

fiLSE Ipild fc|RjflS#fl!8IE5 7-0KOMOS F 
[0 0 4 1 ] H9^fi, ~cnmm^Z>? u y#ft£M 

o (D^mm^i^^^x i>mmxh^> 0 

[0 0 4 2] SJWBSE I v * fl, ^-f KJKIBcON^ 40 
t y^/VSOMO S F E TQ 1 TO^tl^o I(7)MO 
SFETQ 1 £ftS£ Lxm^&)l^£frX\,^Z>M%h^ 

— mh»3o 2<Dm^mm i %m^&N^^>*j\sm<D 

*^MOSFETQ2£«^S7— ^Jfe^£;h,£o r 
<OMOSFETQ20KU>fylt N^>^A-S<7>^ 
IMOS FETQ3 i: Q 4 co^il V — ^ tc^jgg^ tt6 0 
tit, #iBMOSFETQ3iQ40KKytS 

OSFETQ5iQ6 ^Affiflfitai: bTs^tt hfri%> 0 50 



(2) fcttiSJWttfltl v^tti£-«SfE^l{llHlK(^«JSlt 
I 1 (=a 1 • I c) ir^Sfc*^, (1 0) <D£ 

[1+ (I p/1 d) ] - fin 

(10) 

ifrbfctfSo-C, rco^itN^ (10) <7>Jfc0!l;£*£i9c 
(l l) OJ: 5 f-lsJIX fvifvcitt 



[14- (I p/l d) ] 



(l l) 



[0 04 3] Mh1»3 0 2fi, #lft^L#5 

»<Ottl^ft-g-^, #:©[E]Sg# 2C9^ibMOS FETO^ 

i/W^S:«^t5c rcoffi^-et^ #iy&>y- muss 
[0 0 4 4] r(OH««-ett, i5tliS]y- news 

# 5 offl*(oa*«t#» i ass»^- MH»# 1 (- 

m^nibiEi^3 o 3tre^btt 

£ D ttJ^S!&IllK 3 0 3 -Ctt, ilMOSFETQ8i 

Q 9 (D^- b fctWBO J; 5 ftffiitottl^fi 

5 0 ^tt, lKbllMOSFETQ8tQ90*I 

y-^b^mnmmm&btDma^mmwt ltodn^- 

■r y^yi^MO S F E T Q 7 bJxSc _bf£^ibM 

OSFETQ8iQ9(7)F>/yWl P^>-^A^ 
MOS F ETQ lOi.Ql 1 frt> tt&WM S y— \a\$&& 

Mm c v k & $ ti * 0 

[0 0 4 5] Bl 1 0 t-tt. ±lEEI9(Oy ^^ixu— ^ 

in. mi liazzcDWiftmMm&^zirix^Zo flftiBH 
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«*-rs^B^-MHK3 0 2l-«t9iliffiSixS o o£ 
19, 0 2^s# 1~# 1 0(7?J: 0 

a«?iJS5tt * tiX ft 5 mftEftJ«i£SElE!tt i . . Htb ttWia 
S&3 0 3 &m\^XtiiJ3£titzs<;i'X a coaiSft-i-hf^; 
■^(OA^A^ aiH ^aftaiH|]» 3 13 f-A^J 
So rc7)^S[H]K3 1 3tt. tyK^-MUKGl^Y 

igi£H#re t 3 }-2t/£ Up? u^/ut ft V , ±t£^ S 
>^fm^C \N(D2mn (l/f in + l/f in) ^ 

e>±iE«jptw (t 3) o^wsrisbsk^^ra t 4tz 

[0 0 4 6] o* 9, BI3[eI86 3 1 fi-f S >-?m 

^-C I Ntf>.lJSSira (l/f in) t£*5^T±IE3IJ£II] 
86<oSffiNFlW t 3 (^Jjttttl*^^ i £n 9 
tU, f-^r — ^>-^[eIK3 1 4(DP^^^^/umM 
OS F ETQ 1 ^tyMat^rt/^C 1 

<z>ffi9<£>B#ra t 4l^j£ltlil*>'^ i Sv^>r u-</v 
i:LT> ft-^y/IUKa 1 4^Nf ^y^SM 
O S F E T Q 2 ?rty^lC UT^f C 1 ZfeM 
SfciHl dizx yy*<< x^v-i/ZltZo 
[0 0 4 7] ±K(DJ; 5***'^>*C lSffiff* j 
tt, Nft y^/wlMO S F E T Q 3 h t y-^ 

6 0 romSftff^tL Pft^iMOSFETQ4 

MO S F E T Q 5 *ii LT±IBgffilElK^»JW®ilt I x 
iU, te^^MOSFETQe^aLTMfSVCOcO 
ffitftHift I c £ LTfcU^ixSo • 

[0048] ±tesj^m^ 1 x fi, sfriBHi9 f-^bfc<t 

?ftV y^VU^? i Hi4Nf t y*/vfMO S F 
ETQ 7 t Q 8^?>*5«JStt^ 9— EKSriiLT^ay 

MUB&# 1 ^fi±lHA*^^^ a &—jj<D^W}MOS F 
ETQ9 0^h[^$tL, m^coUfbMOS FET 
Ql0©^»hi:fl, ffiKR l fcR2a>^ 

0^3 1 1 xmf&£ntc*&mfr&m££irhz> 0 m2& 
seik# 2 3&^*»sih]»# 1 o*t*«, yy^u 

m^te, mh&J3®&3 0 3i:i9 Feoff 

^-s^&£tt> ±eii3Siii*3 1 3Cfe^ 0 mm 

IhIK3 1 3^y/^^[E]KNlH ±fB^»i±l^[a]^ 
3 0 3(£>m^Kf t^CMOS w</M;i^^i~£ 1"</U$E 

[0 0 4 9] JlIEHMj^— h[n]Sg (# 1) MOS F 
ETQ8 -Cm®, £ ^tfcltl^mSft^^itjMO S F E T Q 9 
i:Q 1 9§J <9#S.bttT»:SlfiIK^y— h^fcS: 



(8) »H¥8 - 1 3 9 5 9 7 

cfc ^l-LT^f-^igjSSrtTfciirSo ±IBMOS FETQ8 

t'M ^ ^ti) imi^ ^ tt ^ is ^; y—rnm^^ fritz 

[0 0 5 0] ±M$-4 ^ >^f^-C I NCOj^ffl (l/f 
i n) i:iSiilHia^J:sai£B#ra t 3 ircoifc*^— ^i: 
#5 J; 5 ^±IB2IIby- Mh1K3 0 2 ommftM t p x 

Mt^ 0 co^r#^^«*f i ntmmmmi ct(D 

BB«tt, «jR»f i n*s«< SixfctfttcttfflSB (1/ 
f in) tm<ftV, MUI&3 0 2 0«J£«#Pfl 

t p xt/h*<ft6J:5^»JW«aiEl xi I c%&^± 

^<-rs 0 ist^ i^«f i ntm< ztitttzia-tm 

M (l/f i n) tfSfi M^-h[ElK3 0 2(O 

aygn#ra t p x </^j;9 ^*jftj«8ft 1 x 1 1 c 

Sr#tsi/hS<-t-s 0 r^J:5«-««HI»^ A*J«#C 

[0051] ±ib*«««ie i c mm 5 coi 5 #e 

ffi-lttW^LTMW^VCOi: Ltf^t 
S y y^yu-^of^Jlifiif v c %ikbb&c\h\- 

tit^5Ct^?>, WlIlx^I vt^O/n 
50 [0 0 5 2] r^HJfifisjT^ 3-~Y — i?tf>"7 0 \E]m3 1 

c 1 ^jtm-tzfemmM 1 p ^wwm-^s 1-S4 sris. 
^i^n ? ^^(^-r^fcj: 5 X mmizmmz-'ux, 

■^(D3i^(D I , 7f&oo I St^ 1 5f§^ I SrSffi-f-J: 5 f-b 
T®^f£-§] 19 #X_^r ; fir 5i?^ IT^§ 0 9 , PLL 
/v-^-ete, 5l#^#T*<75A*$ix5*>f ^ ^^S-g- 
C I NOj^^S f i n £ V C O 1 3 (D^^m^Mi f v t 

40 1-S4 ^J: 9±IE35-JaitN^*HSLT««t Iptld 
OifcSr^5ELT. SufB^ (11) coH«Sr«oJ; 5 t-i" 

[0 0 5 3] HI 1 2 fCtt. CO»Wl:«S5^ny^«t 

UlteWI-efi, W^SFBiH^^A^S^fc^^ ^ v^fi 

K^-^RJ*^e>i^■rv^5o 0*9, PLL^±5i-ffitiit 

50 btbTl^So 
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[0054] -^mmx\^ mm<D£ ottffiQtm&k 

&®m-t&-b^£v, s; (i o) i^Ltzxo^mm 
x *) , m^ftfz.fanmmm % f v %mm^mz> - 1 

[0 0 5 5] B13CH 
# £ m US jftft-Cflrffl^s ^ L fc l^ffl * a 5/ ^ fs# & 
(fti-JL Ell £>P L L0E&(7>5 ^ PLL^-7°CSA 

^22 tcift x.tm«ihik i 5 1 m c < mMumtr— V 7 
[0 0 5 6] ^^^J-ete, ^-r 5: v^t^-c i nco 

fltEll&l 5f£J:9S5M£U *<&«S£B#IH £ A#*-< ^ v 
^fff#tOfirffi3lERRS:ffifflH:«E«l lttttUU n 
£^;*:7^/i^ 1*2 i£ J; SWEff-^VBl^lfeU «8K 

te, ±iBA>^<Y 5: -S-C I N^LT»J££;ft/r 

5^m^^th^mmumm&\Bimt±^A^m^c i n 

S:31JSSii:5«a£»Jftiy— W Egg 2 3 

[0057] in i 4 ia±, ±.mm$t&my— w 
fldiBBi2oy i/ya-i/u—? trnzmmv— mejb&2 2 

2^^iJ«^LT«^c^tb^ 0 H2<Z>y # 

[0 0 5 8] Ell SfcfcU «^SJW^»hT-V 
(0»f^*KM^5fc*(OW4ia36S*SixT^5o (A) 
SJ£n#lffl t d £»Jt;0)SJfl?«jSfE l/ivi <£>BI« 



(9) ^i?8- 1 3 9 5 9 7 

16 

m t d ffl^m^ I v i:Sit^!l^M^tcfo^ 0 (b) 

Jttt»t^J:Sffiffi2lERR{^iSUfe**SffiNFlB t d 
ma xtft/haS^Pplt dmi ni:^$ht^5 8 - 

tii-i. m8<Dvmm (b) ttti&zfrx^Zo 
[0059] ^cn^mmte^^xh, t d c t 

94 %>?m^r<Dmm (i/f in) bovrntK stria 

T^^tt^o "T^t^ C^O||Jfifi^^^Ofgi£|H]Kf-*5V^ 

[0 0 6 0] .BLL!ftWL;fc.fc A^£tL£^-f 5> 
^f-^-C I N<Dmmki i nco^t^yn-tr^^^^^ 

a-e#5fc». iftf^ja««<fiHSrJB:<"e#So *tt, 

T-coj1M0#Pp1 t dtfs*>r ^ ^^{f-^C I NCDJI^I (1/ 
fin) ifcb^< bh2£X±cD&%$mg(Db^fch 

[0 0 6 1] Ull 6(-fl, ^(D^mic&Ztuyt^ZL 

^-e^-r ± 5 * 1 oo^*#^iaieii&«BL s 1 i 

!9«ric*jxfcR i s cmyvi? y-v-^fatf btix\s^z> 0 

30 [0 0 6 2] ^ny^K^|HlJ»CPG^ gfJlB^J;?^ 

-Ca c h ett^n^5^S:*&i!rti-5^^^5/v'3.^ 
^ey-efctK D-Cacheli7-^»««r^ 

[0 0 6 3] ±IS^ns/^»^|pIKCPGT^ric$ixfc 

^/^^«*iiiKcpG^b#^iHi»^et*&six5e 

^ny^ K9-Y^coffi^tt, ffiS^SBtt («») ^nr 
[0 0 6 4] ^n^fMCPGm ^y^rt* 




17 

[0 0 6 5] ro|llS«|(0^i3 5/^«^lHlKCPGT* 
X(D& v y^J^Kff^L/tltMfil^ ny^t» 

[0 0 6 6] 4fc, ±IB^ny^38^ia»35S«;«S*xfc 

[0067] ±iB(oiiis«^e>#e>nsf^ffla*tt, t 

±lE«^SJW«ffi[Il&i ra C«figt^$ixfca;8lt»J«®5g 
k£tiZ># w?m%'&M&'*2> 0 -cnMf&x-fe, PL 

^y^^^f^^iS^ntCMOSlEl^J: 

[0 0 6 8] ( 2 ) ±fa««»J»»iSigBS3ttJ 5 

"f«t 9f-S*bfc||l (OPftV^MOS FETM 
iKDNft^SMOSFET^ ^^SlglcOP 
ftV^SMOS FETirlgl WNf^r^SMO 




(10) M?8- 1 3 9 5 9 7 

75 

s f e t x v m^mmmtiz ± 5 k s nfcig 2 <o p 

^-Y >^A^MO S F E T t % 2 <D y^yWlMO 
SFET^?)^l)CMOS-fy^"^(Hllg^^^ri 

[0 0 6 9] ( 3 ) ±ffi««SJ»Bffi@&Rtf Jy^ 
i"«t5{cSixfcjBiaSa;^<DBi^MOSFET4:, ^ 

10 WLftt>tLxtg:z>mii»mm<Dn2 tms<omshMos f 

ET<h, ±|Sg2il3^>llMOSFET(OKW>' 
2*®§ycoJgl ti2©MOSFET^45liy- 

[0 0 7 0] ( 4 ) ±IBffiiSfE»J»a®lElKoilJgft# 
4:±E*lofl«»fifilt "t^ffitSJS^^bfc« 

mm^faz ^bizxoxmi <Dmmmm^M\,xmm 
20 m^m^i^m^-ox iKmrnzfazz 

cil-±5, 4fi«lelKi:**t^J:9»J«i*ii,SPLLia 

SSXte^ W 5 -< >S P L L £ toiE]K(7)S^tt 

[0 0 7 1 ] ( 5 ) ^*#*«lElK(0^«Bffl^** 

^£v±tmffi.mwmm®&bmzMmz£ritzmmtn} 
30 tmmzxy ^mtttt\sxm&&&&»£#fcftm 

So 

[0072] ( 6 ) *mimffiaf&<Dftw&tt*'t>m 

fatstitzm&mt^b ^(Dmmm^b uagtmz- a 

1 <o«8tt*J»51i£liiacoiliS«# 

b vx ±mmm>$mmm[B]m t m c*^f- $ ti 

um^mm(om^m^&^^x^mi^m^<o^ 
ux~&mk&tiz>*x3*y#m j ?3rk. ±.m&nitm^A 
t}£fr&mMm j %-%Mf$-fz> 0 ^(Dm&x^ fti$x& 

®&b, *o»fPttH*9JWi-5*«[aKi:*S|SJCfltj« 

(om^m^^x^^tz^mmcom^m^K^v , y 
*<omwffi xmizm^z fax cmos 
50 m(D^o^m^m^(o\E]^mi^c\b^mb^^ 



-10- 
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[0 0 7 3] «±*«M#<t 9ft£intcftm$:$£nmiz- 
fciv\ i^i-s El 1 0 (D^mm^^^X, *c*s<i/#C 

[0 0 7 5] 

^(Dmmmmmmm^^m^^x^^tz^^\B]^<Dm^ 

tcmo s m»^<7> j: 5 &m&ti:W&<DiB\i6t:m^z> z. 

[0076] ±ia««ESjW3i®iiiKS.r^y 
^^*^-r^*{ico31M[I]K^. SJ«pSSfE*:«E-rj: 5 (- 
Sixfc^l OP^^/V^MOS F ET&U^l CON 
fty^MOSFET^ ;6^6^1GDP^V^ 
^SMOS FETtf 1 (^Nft^^SMOS FET 

x v mtmmmtiz x o izztiitm 2 <d p^-r 



(11) wh^ps- 1 39597 

/^MOS F E T 2 CDNf t y^^SMO S FET 

d^^^CMOS^y^-^s^^f^^r^^j: 19, 

[0 0 7 7] ±SB*«fc»J««J£E&2Wy 
#Sr«J*-t"S¥ffio»iSlll»tt. *W»m« 51- 

1 ^m^coS 2 3 cO^ibMO SFET^ 
7(9 _LfBjg2 £SI3gq^IIjMOS F E TO KW VJ-i&tftb 

nr. &ffit^x\¥m^&xoK^^thtzm2mmm 

<0%\ ^H2COMOS FET^?>45Siy- MINKS: 

[0078] ±mmmmwm&®&(Dmma^t±mm 

sriiaotsi #K*t isxmmm^tm 

^(Di±nm^w^xv^mm^^x^^ir^c\t^x 

20 9, ««0#£-t*tf::j; 5»J»*HS P L LEHSXtt^ 

[0079] ¥mmmE\K<Dftmm¥ti*bm&&infc 
[0080] ^m#mm^^nm^^w^^ntc 

50 [Ell] r(0»Bi:«5^ * v?m±\E)m<D— UltefiaSr 
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[El 2] gl 1 <ovco*i*t5 !) y^tvu-?©- 
HJtefl?!lS:*i"lHlKI2lT*fc« 0 

[El 3] El2^y v^iyu— ^^«^-ja«»*KN±EI 

[Ei 4 ] ei i (om^^cD—mmm^^'tMcWmm^m 

[El 5] Ell ^ V C O (^^ii^lE - IMftEHiStT) 
— Hlfefif!IS:*i-|HlB6EI"Cfc 5 0 

[El 6] El5 0«JE-m«E**III»(OB&^S:tftM-rafc 10 
*(0«H4EI'CfcSo 

[El 7] EI2^*«iaKo»f^*»M-**Sfc«><oift^EI 

[El 8] EI2<offi«IIlKi:-?:ixSrffiv^PLLS:fftM-r 
5fcfco«Fl4EI"efc5 0 

[El 9] wO?SBI^5^ d y VC 
0£WJ&1~£ y V^^-v^— ^ coffee— HJfc0iI£r*iTi] 
KEItffcSo 

[EI10] EI9<^y v^^u—^f^/SSJxfcMfltlHl 

[Eii i] eh o <Dffim&&(nm^&mm'rz>ti#><D%i 

[Ell 2] r^)«M{2:ffiS^ny^«^lHlBS^te^— H 
[Ell 3] C(0«M{^5^ny^«4leI8So3E^<0 

[El 2] 

02 





1#Pi?8 - 1 3 9 5 9 7 

22 

[Ell 4] Ell 3om£SSJ$iy- N^V Wm&£>— n 
Jfe0J£r*-TEKElT-&So 

[Eii 5] eii 3^m^sj^y- h^-Y u^m^com\^ 

*lftM"rsfc»o«HtEI-e&So 
[Ell 6] n y^»^[HlK^tt§ix 

[«F#^IJiM] 

1 1 "'i&m&Mti&, 12-p^7^/^, 13-V 
CO. 1 4-5*jatHlg^ 1 5-ffi«lH]^ 16"-®J£SJ 
WJKBHIK, 2 1 -«JE-«ffi««IIll6, 2 2-5^ 

2 3 •••«SEfls»y- hT* 

15 1-l/2»fl0», 1 5 2 •»««SJ»iIJ£EI 
fg, 1 5 3-Hfe3aiH|j8, 1 5 — ^^^ElK, 

1 5 6 — n 15 

7~-mj£-mmm&iB\&, 3O2-ii^f0^ 3 

0 3~-mW}lti£}\E}?&, 3 1 1 7 3 13- 

amamK, 3i4-ft-^yy0^ Q1-Q23 

-MOSFET, LSI-¥*MWM> CPG 
— ^ n y^*^lElK, I - C a c h e •••-fft^*-* :v v / ^ 
i v-mms.*--* k Fu-ifi/j*s^^ y 

ho 



[0 3] 

fv ijv»i'Wf<D#tt 
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